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Portions of this document may be illegible in electronic image products. Images are produced from the best available original document. INTRODUCTION The tungsten coating Is specified to protect the molybdenum from direct contact with carbon and the possible resultant formation of the molybdenum-carbon eutectic composition at 1 2 4470° R (2210°C), ' which Is the maximum temperature the Station 32 couple is expected 3 to measure.
Although the Station 26 thermocouples will not see this high temperature, the tungsten coating Is applied to add reliability to the sheath, since these couples are used for control purposes as well as diagnostic measurements.
The Station 45, high-temperature thermocouple is composed of tungsten and tungsten-26% rhenium wires with beryllla insulators and a dual-sheath arrangement of molybdenum covered by tungsten-coated tantalum. The maximum temperature for this 3 couple is nearly 5000° R (2500°C), which points out the reason for covering the Inner molybdenum sheath with a tantalum tube to prevent the molybdenum-carbon eutectic formation. However, tantalum absorbs hydrogen at a high rate which results In the formation of hydrides and subsequent embrlttlement of the sheath. Hydriding occurs at temperatures up to 2650° R (1200°C) with the most severe range being 1930°R (800°C) to 2290° R (1000°C).^ Because of this, the tantalum tube Is coated with a layer of tungsten by vapor deposition to Inhibit hydrogen penetration and prevent brittle failure of the sheath. The quality and capability of the tungsten coating are being determined. Also, a pre-carburlzed surface on the tantalum is being evaluated as a possible means of protection from hydrogen. Only recently have reactor thermocouples been ordered with a tungsten coating on tantalum provided by Vendor B. Unfortunately, these sheaths were contaminated on the inside surface during the vapor deposition process, leaving a residue of tantalum fluoride and tantalum di-oxy-fluoride. During high-temperature qualification tests on these thermocouples, the tantalum compounds reacted causing severe damage to the sheaths and elements.
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Because of this, tantalum has been eliminated as a sheath material In NRX-A4. However, the couple of cases where high-quality tungsten coatings from Vendor B have adequately protected the tantalum, i.e.. Figure 14 , prove the capability of this means of protection.
Additional and more detailed testing will warrant the reinstatement of tungsten coated tantalum sheaths on reactor high-temperature thermocouples. 
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In order to make the proper selection, another program, now In progress, was designed to measure the hydrogen permeability through various refractory metal combinations. All sheath materials and combinations are being studied, but of particular interest are the tungsten-coated tantalum, surface-carburlzed tantalum, and the bore tube specimens. Also, a vapor-deposlted tungsten tube with a 0.004-Inch wall will be Included to simulate the tungsten coating alone.
This program should yield more decisive results because measurements are being mode of the quantities of hydrogen that diffuse through the specimen walls. The samples ore 12-inch long tubes closed at one end that will be induction-heated to various temperatures from ambient to 2450°C. Only ambient pressure will be studied at first, with higher pressure work to be done later.
Another program that will be carried out Is a study of carbon diffusion rotes through the protective layers. This Is Important since the thermocouple sheaths in service ore In direct contact with graphite and the tantalum carburlzes quite severely. Two specific considerations will be examined: first is the effect of the vapor-deposited columnar structure as opposed to a wrought structure; second Is the effect of service exposure on high-temperature carbon environments on the surfoce-corburlzed structure. Until all of these points are Investigated, a recommendation of one protection mechanism cannot be made. The primary reason for the present use of tungsten Is the availability of a procedure for coating full length tubes (42 Inches and over).
V PREVENTION OF METAL-CARBON EUTECTICS BY TUNGSTEN
In addition to the use of coatings to prevent hydriding of tantalum sheaths, tungsten vapor-deposlted coatings ore used to prevent other refractory metal sheaths from being in direct contact with carbon, thus permitting a metal-carbon eutectic formation and melting.
Present designs that utilize molybdenum tubes are limited by reactor operation to a temperature of 4450°R (2210°C), which is olso the carbon-molybdenum eutectic temperature. Therefore, the tubes ore coated with tungsten by vapor deposition to prevent contact with and hinder the diffusion of carbon. Also, tungsten-26% rhenium tubes have been proposed as on alternate /^ Astronuclear \~/ Laboratory WANL-TME-1164 selection for sheathing to replace the tantalum on the high-temperature thermocouple.
Although this choice would eliminate the need to protect against hydriding, protection is needed against carbon because the tungsten-rhenium alloy forms a eutectic at 2450°C 8 9 (4900°R), ' which Is just under the maximum temperature of operation for this thermocouple.
Therefore, a tungsten coating In necessary in this case to serve the same purpose as It does for molybdenum In the lower temperature couples.
The value of this coating to protect against metol-corbon eutectic formations when the metals operate in carbon environments at or slightly above the normal eutectic temperatures has never been assessed. 
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1.
Experimental data indicate that both a vopor-deposlted tungsten coating and a surfacecorburizotion treatment protect tantalum from hydrogen embrlttlement and dimensional growth,
2.
Although one vendor has shown the capability of producing adequate vapor-deposlted tungsten coatings, additional process development and control are necessary to achieve consistently reliable coatings.
3.
Further development and evaluation ore needed to establish the required process control for surface-corburlzotion of various lengths of tantalum tubes.
4.
Surfoce-carburlzotlon of tantalum tubing increases the wall thickness and embrittles the material.
5.
The vapor-deposited tungsten coating applied to tantalum by Vendor B Is superior In quality to that of Vendor A.
6.
The feasibility of a vapor-deposited tungsten coating preventing carbon eutectic melting of molybdenum and tungsten-26% rhenium sheaths must be determined experimentally. 
